Introduction
Iodine deficiency is a major public health problem. Over one third of the world's population lived in iodine deficient areas in 1998 [1] . Although goitre is the first and most obvious consequence, lack of iodine may give rise to a spectrum of disorders (iodine deficiency disorders, IDD). The developing brain is the most vulnerable target. Mild neuro-intellectual impairment (often unrecognised unless carefully tested for) and severe mental and neurological damage as seen in cretinism are the two ends of the spectrum [2] . A meta-analysis of 18 studies of intellectual performance of iodine deficient children in comparison to iodine sufficient peers revealed a reduced IQ of 13.5 points [3] . These effects on neuro-intellectual development and the adverse effects of iodine deficiency on neonatal mortality and pregnancy outcome are the main reasons for promoting urgent iodine prophylaxis. The WHO and UNICEF highlighted the need for iodine prophylaxis in their own spheres of influence, but the International Council for Control of Iodine Deficiency Disorders (ICCIDD) was set up (in 1985) for the sole purpose of promoting worldwide sustainable iodine nutrition. Salt iodination is the currently recommended strategy for iodine provision. In 1998, there were 98 countries (out of 191 with iodine deficiency) with legislation for salt iodination [1] .
Government legislation in 1993 made salt iodination compulsory in Sri Lanka. Several studies published previously, reported a high prevalence of goitre in many parts of Sri Lanka [4] [5] [6] . Goitre size in these studies was assessed by palpation using WHO criteria. Although no studies on iodine consumption or excretion had been done, the assumption that iodine deficiency was the proximate cause for high goitre prevalence was a valid one. One study established low iodine concentrations in drinking water.
The most recent and largest epidemiological study of goitre prevalence was published in 1989 [7] ; nearly 60 000 schoolgirls between 11 and 17 years of age were studied in several areas in Sri Lanka. Goitre prevalence was established by teams of technicians who visited schools in a number of localities. Some areas had a high goitre prevalence (surprisingly including some coastal areas), whereas more urban areas such as Colombo had low goitre prevalence [8] .
Although salt iodination is an effective method of iodine prophylaxis, supervision of the iodination process and monitoring of the iodine content of commercially available salts are vital in ensuring adequate and sustained iodine delivery to the consumer. There is evidence to suggest that the iodine content of salt obtained from several commercial outlets in the country is inappropriate; 52% of the commercially available salt preparations were reported to contain excess concentrations of iodine, and only 32 % contained the recommended concentration of 20-40 parts per million [9] . Both low and high salt iodine concentrations may be harmful. The large proportions of commercial salts with iodine content more than that recommended has the potential to increase the risk of iodine induced complications.
Has salt iodination been effective in Sri Lanka ?
The beneficial effects of iodine prophylaxis may take time to manifest. There is evidence from some areas where iodine prophylaxis has been undertaken, that goitre prevalence (or thyroid volume, where measured) decreased within a year, whereas in other areas a longer time was needed [10, 11] .
We undertook two studies (in 1998 and 2001) to assess ultrasound measured thyroid volume (TV) in schoolgirls aged between 11 and 17 years from areas with previous low, intermediate and high goitre prevalence [8, 12] (Tables 1and 2) . TV was compared to normative data from the corrected WHO/ICCIDD dataset for schoolgirls from iodine replete areas [13] . There was a significant reduction in TV and goitre prevalence in 2001 compared to Points of view 1998 (related both to age and to body surface area). These data were further corroborated by a Sri Lanka Medical Research Institute (MRI)/UNICEF survey done recently using palpation as a method of goitre estimation [14] . This study found a goitre prevalence of 16.3-26.2 % with decreased goitre rates in most provinces. We also demonstrated median urine iodine (UI) concentrations in the iodine replete range in schoolgirls from the areas we studied. There was a significant reduction in goitre prevalence compared to age and body surface area between 1998 and 2001, while mean UI concentration was maintained in the iodine replete range and was similar in the two studies ( Table 2 ). The MRI/UNICEF survey too found adequate median UI concentrations in the large majority of the areas surveyed (except in the Uva province) [14] . UI is a good surrogate marker of iodine intake as a large proportion of ingested iodine is excreted in urine. The significant reduction in TV and goitre prevalence, and UI concentrations in the iodine replete range indicate a positive impact of the salt iodination programme, which needs to be encouraged and developed.
Iodine and thyroid autoimmunity in Sri Lanka
We also examined thyroid autoimmune markers in the schoolgirls we studied in the two projects. There was a significant reduction in the prevalence of thyroid antibodies in schoolgirls aged 11-17 years by 2001, and modulation in their thyroid antibody profile (Table 3) . The prevalence of anti-thyroid peroxidase antibodies (TPOAb) was less than 10% in all age groups. However, a higher prevalence of TPOAb was seen either alone (18.2%) or in combination with anti-thyroglobulin antibodies (TgAb) (46.9%; p < 0.001). TPOAb, which is a more specific marker than TgAb of thyroid autoimmunity, was associated with subclinical thyroid disease in 2001. Is there an explanation for this evolving thyroid autoimmunity? Thyroglobulin (Tg), a large protein molecule, is the template for thyroid hormone production. Iodination of tyrosine residues on the Tg molecule under normal conditions leads to thyroxine (T4) and tri-iodothyronine (T3) synthesis. However, there is good in vitro evidence to suggest that an excess of iodine makes Tg highly immunogenic by enhancing the processing and presentation of cryptic peptide epitopes [15] [16] [17] . Whether this is a truly pathogenetic mechanism precipitating autoimmune thyroiditis or a "bystander" phenomenon is as yet undecided. The varying content of iodine in commercially available salts (with an excess of iodine in 52 % of salt samples analysed) may be relevant in this regard [5, 12] . This acute response to excess iodine seems to wane over a period, as demonstrated by a fall in the prevalence of TgAb between 1998 and 2001, but the emergence of TPOAb and its association with subclinical thyroid disease is a worrying phenomenon. The effects on the immunogenicity of TPO and other immune enhancing effects of excess iodine need to be further elucidated.
We further investigated the high prevalence of TgAb in schoolgirls in 1998 and its pathogenetic significance by analysing epitope recognition patterns of these antibodies [18] . Human monoclonal antibodies raised against epitope clusters on the TgAb molecule were used to characterise TgAb from Sri Lankan schoolgirls. In vitro studies have shown a characteristic restricted epitope recognition pattern in TgAb obtained from people with autoimmune thyroid disease (AITD). People without AITD showed an unrestricted pattern [19, 20] . The TgAb obtained from our schoolgirls demonstrated an unrestricted epitope recognition pattern, indicating in all probability a non-pathogenetic role.
What are we to make of these immune phenomena? There are reports of similar thyroid related immune changes from India [21] , Germany [22] and Greece [23] where recent iodine replenishment has occurred. These studies were undertaken several years after the introduction of iodine and showed a TPOAb predominance. It is probable that these investigators missed an early TgAb peak. The concept of evolving thyroid autoimmunity with continuous iodine intake (early TgAb predominance followed by a late TPOAb predominance and associated AITD), thereby heralding a more aggressive phase of autoimmunity is worrying, and needs further clarification [24] . Urgent studies are required to examine autoimmune and biochemical thyroid dysfunction in groups particularly at risk of AITD -pregnant women and the elderly, for example.
Iodine prophylaxis and the future
The control of iodine deficiency and its eventual elimination are triumphs of preventive medicine. The benefits of iodine prophylaxis far outweigh actual and theoretical disadvantages [25] . The progress made in Sri Lanka in preventing iodine deficiency should be commended. Nevertheless, a few cautionary points should be remembered to maximise the benefits of iodine supplementation. 1. The national programme of iodine prophylaxis should be accompanied by periodic surveys of UI as a marker of population iodine status. A dedicated laboratory should be available locally for the measurement of UI, appropriately equipped and staffed, with adequate mechanisms for quality control. Surveys in Australia [26] and USA [27] have demonstrated a fall in UI over a period of time. Clear strategies need to be in place to avoid resurgence of iodine deficiency in populations where salt consumption has fallen. 2. Adequate supervision of salt iodination should be complemented by analysis of iodine in commercially available salt samples. Wide variation in iodine concentrations and a high proportion of commercial salt samples with an excess iodine is worrying in view of possible iodine induced immune phenomena. Effective legislation and monitoring of salt iodination is essential both at the processing factory and sales points. 3. The induction of thyroid autoimmunity and a gradual modulation of thyroid autoantibodies with continuing ingestion of iodine is a newly recognised phenomenon. The change from non-pathogenic TgAb to potentially pathogenic TPOAb and its association with subclinical thyroid dysfunction is a cause for concern. Further large scale studies are necessary to examine the effects of such changes on groups at maximum risk, i.e. the pregnant and the elderly.
In conclusion, we would like to emphasise the short term success of the National Sri Lankan Salt Iodination Programme in reducing TV and goitre prevalence, while maintaining UI within iodine replete levels. It is encouraging that iodine induced thyrotoxicosis was not found in our sample of schoolchildren. We would like to sound a note of caution about the absence of an effective monitoring programme, as some effects of excess iodine are already apparent. The immune modulatory phenomena we have described may herald widespread AITD in the future.
